The purpose of this study is broadly to reinvestigate NO•,-CI•, interactions relative to ozone control in the stratosphere, using the long-established Lawrence Livermore National Laboratory one-dimensional model. To obtain perspective on reasonably expected atmospheric perturbations, this study includes unrealistic conditions in the calculations, and several interesting or unexpected features are found. 
INTRODUCTION
In this study we used the standard Lawrence Livermore National Laboratory (LLNL) one-dimensional chemicalradiative-transport model of the troposphere and stratosphere [Luther et al., 1979; Wuebbles, 1981 son with measurements and for short-time perturbations (such as solar eclipse), and the diurnal-average model is used for perturbation and sensitivity studies involving long-time integrations. For each reaction rate and altitude, diurnal weighting factors •mn and timare defined as where averages are for 24 hours, using the diurnal model with closely spaced time steps. These factors depend primarily on the shape of concentrations, as they vary over 24 hours and not on the absolute values of concentrations. These factors change slowly under perturbed atmospheric conditions. Another necessary feature in handling large diurnal changes in photochemical reactions is illustrated by chlorine nitrate photolysis and its product NO 3. Chlorine nitrate is slowly photolyzed to produce NO3, which is rapidly photolyzed to give NO 2 + O and NO + 02. In the model, photolysis products of C1ONO 2 are taken to be NO 2 + O and NO + 02. The NO 3 produced by chemical reactions is treated with diurnal factors in the usual way.
In this study we tested the stability of the diurnal factors by calculating the ozone column change for a very large perturbation, namely, a fourfold increase of nitrous oxide, in two ways: (1) A set of diurnal-weighting factors was derived from the reference atmosphere and was used to calculate the ozone change (-24.3%), and (2) the factors were updated using the full diurnal model at steady state (AO 3 = --22.8%). This difference is unimportant considering the purpose of these studies. Associated relative differences for smaller perturbations would be much less.
The Reference Atmosphere
The reference atmosphere is designed to represent the prechlorofluorocarbon atmosphere, perhaps that of about 1960. 
RESULTS OF MODEL CALCULATIONS FOR N20
AND Cl.
• CHANGES Many results of this study are summarized in Table 1 and 
The "constant" C 1 depends weakly on the concentrations of ozone, hydroxyl radicals, and methane (Table 2) 
. Substitution of (11) into (10) gives the concentration of chlorine nitrate as [C1ONO 2] = (Cla,u/h)[Cl,,]([NO2]/[NO]) (12)
With NO 2 in the numerator and nitric oxide in the denominator of (12), it would appear that chlorine nitrate should be independent of NO,,. However, the ratio of nitrogen dioxide to nitric oxide depends on the concentration of ozone. In the lower half of the stratosphere where chlorine nitrate is impor- 
The rates of (15) Table 3b and are shown in Figure 10c . In terms of the 1985 model, removal of all chlorine species from the reference atmosphere has almost no effect on the ozone column or the altitude of the ozone profile, and thus the curve marked -C1 may be regarded as the ozone profile of the reference atmosphere. Removal of all NOx, leaving hydrogen species and 1.1 ppbv C1 x, gives a 19.4% ozone reduction and a substantial increase in the altitude of the ozone profile (Figure 10c) Figure 10b and in Table 3a . The ozone column is reduced 28% relative to the Chapman value (increased 14% relative to the reference atmosphere); with the exclusion of methane and its derivatives, the reduction is 25% relative to the Chapman model. Adding only NO•, to the O x family, the calculated ozone coumn is given in Figure 10b and Table 3a . The ozone column is reduced 50% relative to the Chapman mechanism, it is about 20% lower than the reference column, and the calculated profile is similar in shape and in peak altitude compared to the observed ozone profile. In 1960 the amount of stratospheric chlorine, Clx, was about 1.1 ppbv. When this small amount is added to the Chapman model (with no NO x or HO.0, the calculated ozone column is reduced 43% below the Ox model, the column is 8% less than that of the reference atmosphere (Table 3a) , and the ozone profile (Figure 10b) Figure 10b ), but removing all (1.1 ppbv) chlorine from the reference model has virtually no effect on the ozone vertical column nor on the ozone vertical profile (Table 3b Figure  11c . Removal of CI• from the reference atmosphere has no detectable effect on the rate profile of (6), and it is not shown as a separate curve. Although removal of HO•, from the reference model causes a small increase of the rate of O + NO 2 below 34 km and above 45 km; it has little effect on the magnitude or altitude of this rate profile as a whole. This result is unexpected, since large amounts of nitrogen dioxide are tied up as nitric acid in the lower stratosphere and elimination of HO•, releases the NO 2 from nitric acid and is expected to increase the rate of (6). When HO• is omitted, ni-
